Objectives: The aim of this experiment was to study the influence of garlic combined with ezetimibe on lipid profile as well as intestinal Niemann-Pick C1-like 1 (NPC1L1) expression in normal and hypercholesterolemic mice. Materials and Methods: A total of 40 mice were randomly divided into five groups: Group 1: hypercholesterolemic group (received 2% w/w cholesterol + 0.5% w/w cholic acid in their diet), Group 2: garlic group (hypercholesterolemic diet + 4% w/w garlic extract), Group 3: ezetimibe group (hypercholesterolemic diet + 0.005% w/w ezetimibe), Group 4: combination group (hypercholesterolemic diet + 0.005% w/w ezetimibe + 4% w/w garlic) and Group 5: control (chow only). Results: Serum low-density lipoprotein-cholesterol (LDL-C) and total cholesterol (TC) levels were significantly decreased in ezetimibe, garlic (both P < 0.05), and combination groups (P < 0.001). Also, triglycerides and very low-density lipoprotein-cholesterol (VLDL-C) were significantly lower in garlic and combination groups (P < 0.05). Liver enzymes, alanine aminotransferase (ALT) and aspartate aminotransferase (AST), were also significantly decreased in garlic, ezetimibe (both P < 0.05) and combination groups (P < 0.001) in comparison with hypercholesterolemic animals. Analysis of semi quantitative RT-PCR results showed that the levels of NPC1L1 was also significantly less (P < 0.01) in the garlic, ezetimibe, and combination groups (P < 0.001) compared with the controls. Based on the results, the combination of garlic and ezetimibe can lower serum lipids and liver enzymes more effectively in hypercholesterolemic mice. Conclusions: This experiment revealed that a possible mechanism for the beneficial effects of garlic and ezetimibe combination in lowering plasma LDL-C and TC is inhibition of intestinal cholesterol absorption. More research might be necessary to determine the efficacy and the exact mechanism of this co-administration.
Background
Heart disease is a major cause of mortality and morbidity in the world. The main risk factors, such as family history and age cannot be changed. However, other risk factors including, obesity, diabetes, smoking, diet, high blood pressure, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and low levels of high-density lipoprotein cholesterol (HDL-C) can be changed or treated (1, 2) . These risk factors can be controlled and corrected by diet, exercise, hypolipidemic drugs and herbal medicine (3) . Ezetimibe is a novel drug which inhibits cholesterol absorption in the intestine without affecting absorption of triglycerides (TGs) or fat-soluble vitamins (4). Bays HE, et al. showed that ezetimibe administration reduced LDL-C by 18 .5%, and increased HDL-C by 3.5% in humans. They also reported that this drug was well tolerated, with side effects similar to the placebo (5) . Most chemical drugs have adverse effects and several have been associated with possible carcinogenicity. For these reasons, many patients tend to use herbal medicines for their ailments (6) (7) (8) . Traditional medicine is still very much relied-on all over the world, consequently, the World Health Organization (WHO) has announced that around 80% of people in developing countries chiefly choose traditional medicine for their primary health care needs, and around 85% of such traditional medicine includes the usage of herbal plant extracts (9) . In this respect, it has been shown that garlic has many useful effects on cardiovascular risk factors, including hypoglycemic, hypolipidemic, anti-dia-betic, anti-hypertensive, anti-carcinogenic, anti-bacterial, anti-thrombotic, anti-fungal and antioxidant effects (10) (11) (12) . Sulfur compounds present in garlic, including S-allylcysteine (SAC), allicin, ajoene, diallyl disulfide (DADS), S-allylcysteinesulfoxide and S-methylcysteinesulfoxide, areprobably responsible for the therapeutic effects of garlic (10) . Therefore, the first major aim of this study was to determine the effect of combination therapy with one chemical drug (ezetimibe) plus one potential herbal medicine (garlic). Liver and the small intestine are two important organs in regulation of cholesterol homeostasis. Niemann-Pick C1-like 1 (NPC1L1) protein plays a vital role in intestinal cholesterol absorption. This protein is mainly expressed in the small intestine and liver. Altman SW, et al. showed that NPC1L1-deficient mice display a significant decline in intestinal cholesterol absorption (13) . Studies showed that ezetimibe binds to brushborder membranes of the intestine in wild-type mice yet not those of NPC1L1 knockout mice, suggesting that this drug acts on the NPC1L1 and turns off this transporter (14) . Ezetimibe inhibited absorption of intestinal cholesterol, while garlic inhibited cholesterol synthesis in the liver as well as intestinal cholesterol absorption (13).
Objectives
In this study we investigated whether the combination of garlic and ezetimibe would result in a greater reduction of lipids than ezetimibe and garlic alone. We also measured NPC1L1 levels in the intestine.
Materials and Methods

Animals
Male mice were kept on a 12 hours light/dark cycle at a temperature of 22 ± 1°C. After acclimatizing for one week in a cage, animals were randomly divided into five groups (n = 8):
Group 1: hypercholesterolemic group (received chow + 2% w/w cholesterol + 0.5% w/w cholic acid) (11) .
Group 2: garlic group (received hypercholesterolemic diet + 4% w/w garlic extract).
Group 3: ezetimibe group (received hypercholesterolemic diet + 0.005% w/w ezetimibe).
Group 4: combination group (received hypercholesterolemic diet + 0.005% w/w ezetimibe + 4% w/w garlic extract).
Group 5: control (chow only). The TG and TC levels were at the baseline prior to the experiment and were similar between animals. Garlic extract was dissolved in physiological saline and mixed with animal's diet. An equivalent amount of saline was added to the diet of hypercholesterolemic and control groups. Ezetimibe was dissolved in corn oil and mixed with the hypercholesterolemic diet. An equivalent amount of corn oil was also added to the diet of hypercholesterolemic and control groups. At the end of four weeks, mice were fasted for 12 hours, and then anesthetized and sacrificed. Blood was then collected from the heart and serum was separated by centrifugation at 3000 g for 10 minutes. Duodenum of small intestine was removed instantly and washed with PBS buffer, quickly frozen with liquid nitrogen and was kept at -80 degrees (15-18).
Water Soluble Garlic Extract
The garlic extract was prepared as described previously (19).
Biochemical Factors
Lipids and liver enzymes were measured using commercial kits (Pars Azmoon, Tehran, Iran). Low-density lipoprotein-cholesterol was calculated according to the Friedewaldequation (20) (21) (22) .
Semi-Quantitative RT-PCR
The intestinal RNA was extracted using the Accuzol reagent (Bioneer, Korea) according to the manufacturers' protocol. Synthesis of cDNA was completed according to the manufacturer's protocol (Fermentas, Lithuania) using 5ng of mRNA for each sample. For each RT-PCR reaction, 2 µL of cDNA, 1 µL of forward primer (10 pm), 1 µL of reverse primer (10 pm), 13 µL of PCR Master Mix (Cinnagen, Iran) and 8 µL of deionized water were added to a sterile tube on ice, and briefly centrifuged. Thirty-five cycles of amplification were performed with denaturation at 95°C for 30 seconds, annealing at 61°C for 30 seconds, and extension at 72°C for 30 seconds. All reactions were finished with a single extra cycle at 72°C for five minutes. 
Statistical Analysis
Data are shown as means ± standard error of the mean. One-way analysis of variance (ANOVA) and the SPSS 15 software were used statistical analysis. Differences were considered statistically significant if P < 0.05.
Results
Lipids
The levels of TC and LDL-C were significantly lower in ezetimibe and garlic-treated animals (P < 0.05) (Figures  1 -2 ). In the combination group, these reductions were more significant (P < 0.001). Triglycerides and VLDL-C significantly declined in combination and garlic groups (P < 0.05). Serum ALT and AST were significantly lower in the combination (P < 0.01), garlic (P < 0.05) and ezetimibe (P < 0.05) groups as compared with hypercholesterolemic animals (Table 1) Figure 2 . Effect of Different Treatments on Low-Density Lipoprotein-Cholesterol Levels Compared With Hypercholesterolemic Animals; *P < 0.05, **P < 0.01 and ***P < 0.001 The levels of NPC1L1 mRNA was significantly declined in the combination group (***P < 0.001 and **P < 0.01) as compared to the chow group. Data are presented as mean ± SEM.
Gene Expression
Results of semi-quantitative RT-PCR showed that the levels of intestinal NPC1L1 were markedly reduced in garlic and ezetimibe groups (P < 0.01), however the reduction in the combination group was more significant (P < 0.001) (Figure 3 ).
Discussion
Cardiovascular disease (CVD) includes conditions such as heart failure, congenital heart disease, coronary heart disease, arrhythmia, stroke, heart valve disease and hypertension. It has been estimated that CVD affects 83.6 million people and accounted for 32.3% of deaths in the United States in 1992 (25) (26) (27) (28) . Statins (or 3-hydroxy-3-methyl-glutaryl (HMG)-CoA reductase inhibitors) are the most broadly used hypolipidemic drugs and are frequently prescribed in monotherapy. However, not all patients achieve their LDL-C lowering goal by statin monotherapy or are worried about side effects (29) . Consequently, combination therapy was suggested as a method to normalize lipid profile with outraising the statin dose or as an approach to decrease side effects (4, 30) . In this study the combination of garlic and ezetimibe reduced total cholesterol by 27.4%, triglycerides by 15.6%, LDL-C by 57% and VLDL-C by 16%. However, reduction in garlic and ezetimibe groups was far less than the combination group. A decrease of LDL-C by at least 30% to 50% can medically be advantageous to patients at high risk of heart disease; however, it is difficult to reach this goal with statins alone. Recent clinical experiments have suggested that statins in combination with ezetimibe significantly decrease LDL-C levels in the serum of hypercholesterolemic patients, indicating greater hypolipidemic activity compared with statins alone (4, (30) (31) (32) . Van Heek M, et al. showed that co-administration of ezetimibe with simvastatin caused 44% to 57%, atorvastatin 50% to 60%, lovastatin 33% to 45% and pravastatin 34% to 41% decrease in plasma LDL-C levels (31). Co-administration of garlic and ezetimibe in hypercholesterolemic animals synergistically decreased plasma TC, TG, LDL-C and VLDL-C levels; this was a result of effective inhibition of intestinal cholesterol absorption and hepatic cholesterol biosynthesis. Salen G, et al. showed that administration of ezetimibe, 10 mg/day, for eight weeks, significantly reduced plant sterol concentrations in the plasma of sitosterolemia patients. They suggested that ezetimibe inhibited intestinal absorptions of both plant sterols and cholesterol (33). Sudhop T, et al. also reported that ezetimibe markedly reduced intestinal plant sterol absorption (34) . Administration of ezetimibe in humans, at a dose of 10 mg/ day, decreased absorption of cholesterol in the intestine by 54% compared with the placebo. The levels of plasma LDL-C was also reduced by 20% with an 89% compensatory rise in cholesterol biosynthesis in hepatic cells (35) . On the other hand, use of garlic may play a vital role in the management of diabetes and CVD. Garlic has been shown to have several beneficial properties, including antimicrobial, antifungal, antioxidant, immunomodulatory, anti-inflammatory, anti-diabetic, hepatoprotective, anti-atherosclerosis, hypolipidemic, anthelmintic, anticoagulant and fibrinolytic, wound healing, anticancer and antihypertensive activity (10) . Therefore, combination therapy with administration of other drugs which inhibit cholesterol biosynthesis is very useful. On the other hand, HMG-CoA reductase inhibitors, even at high doses, are often inadequate for reaching the LDL-C lowering goal for many hypercholesterolemic patients (36) . Administration of ezetimibe plus garlic extracts offers clinicians a new opportunity to simultaneously inhibit two key pathways in the metabolism of cholesterol; biosynthesis of hepatic cholesterol by garlic and the intestinal cholesterol absorption by ezetimibe. We have previously suggested that, administration of garlic plus ezetimibe is very effective in attenuation of CVD risk factors (30) . Lipid transports in the small intestine play a vital role in cholesterol homeostasis. Ezetimibe by inhibition of NPC1L1 significantly decreased plasma cholesterol and LDL-C, and consequently, inhibited atherosclerotic plaque formation and liver steatosis (13, 37) . Ezetimibe markedly decreased LDL-C when administrated in mono therapy or in combination with HMG-CoA reductase inhibitors (statins) (13). Altmann SW, et al. demonstrated that cholesterol absorption in NPC1L1 knockout animals was 70% lower than wild-type mice. These animals did not respond to treatment with ezetimibe (13). Davis HR et al. reported that feeding animals with an atherogenic diet (1% cholesterol and 0.5% cholate) leads to 75% decline in NPC1L1 expression in the intestine of mice (38) . We also previously reported that consumption of 2% cholesterol and 0.5% cholate or garlic significantly reduced intestinal NPC1L1 expression (19) . In this experiment, garlic and ezetimibe reduced NPC1L1 expression, while this reduction was more significant in the combination group. Temel RE, et al. reported that over-expression of NPC1L1 in the liver of transgenic mice, significantly reduced biliary cholesterol and raised plasma cholesterol level, demonstrating that in addition to cholesterol absorption in the intestine, NPC1L1 mediates reabsorption of biliary cholesterol in the liver as well (39) . These results show that NPC1L1 plays important roles in biliary and dietary cholesterol absorption in the liver and intestine (40) . In Conclusion, this experiment indicated the useful effects of ezetimibe and garlic combination on cardiovascular risk factors. This treatment disclosed a possible novel mechanism for the lipid lowering properties of ezetimibe and garlic combinations. More research is needed to assay NPC1L1 protein levels and other transporters.
